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I. INTRODUCTION 


The term “diapirism” requires careful defini- 
tion, if it is not to lead to confusion. In this 
paper, it is proposed to use the term in the sense 
of Krejci’s “Aufbrüche”, and to define it as the 
breaking-out of a geological formation from its 
surrounding mass, under stresses in excess of the 
minimum confining pressure. 

The application of such stress is normally 
only possible through tectonic forces, but in the 
case of mobile formations such as salt and an- 
hydrite, which deform readily by plastic flow 
under critical loads, the application is also pos- 
sible through isostatic forces, derived from density 
differences in the sedimentary crust. 

In South Persia, where salt movement in mass 
has occurred on a scale unequalled elsewhere in 
the world, the effects of both tectonic and iso- 
static types of pressure application are readily 
seen. In fact, the arid climate, the barrenness of 
the landscape, and the scale of deposition and 
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folding, have all combined to provide a unique 
opportunity of studying the diapiric movement 
of salt under particularly favourable conditions. 

To illustrate the complexities of Persian salt 
problems, two areas have been chosen in which 
the basic principles are particularly well deve- 
lcped. These are: 

(a) the Central Foothills Belt, in front of the 
Zagros Mountains, in which thick Miocene salt 
and anhydrite deposits have been dominantly 
tectonically disturbed, with minor examples of 
isostatic effects, and 

(b) the salt-plug country of the Persian Gulf area 
in which Cambrian salt, motivated by local 
isostatic forces, has risen vertically through some 
20.000 feet of sediments to form salt mountains 
on the surface. 

It is proposed to describe the nature of these 
phenomena, and to propose theories in explana- 
tion, for each of the areas, separately, and finally 
to draw general conclusions on diapirism from 
the contrasting types of salt movement. 


II. MIOCENE SALT DIAPIRISM 


1. Introduction 

The Foothills countty, south-west of the Zag- 
ros Mountains and inland from the head of the 
Persian Gulf, displays a unique disharmony 
between the folding of the soft marls and sand- 
stones of the Fars-Bakhtiari Series, and that of 
the underlying, competent group of limestones 
and shales which are capped by the Asmari Lime- 
stone. The disharmony is associated with inten- 
sive diapiric movement of the intervening, mo- 
bile Lower Fars salt and anhydrite deposits, 
which flowed readily from zones of high pres- 
sure to those of low pressure, during the Alpine 
folding. 
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Fig. 1 — Index map of the Persian Gulf Area. 


The more instructive, and spectacular, features 


of this salt movement, have been: 


* 


(a) the growth of “salt bulges”, generally on 
the south-western side of the major Asmari Lime- 
stone anticlinal fold-lines, 

(b) the extrusion of salt and anhydrite 2 in ex- 
tensive horizontal flow-sheets, capable of sub- 
merging Bakhtiari synclines under their mobile 
mass, and 

(©) the maintenance of Lower Fars plateaux 
at constant elevations by fluid pressure of the 
salt underneath. 

Each of these features is representative of a 
major stage in the tectonic hostory of the salt 
movement. The growth of the “salt bulges”, in- 
volving the transference of hundreds of cubic 
miles of salt over distances of up to 5 miles, 
took place during the main Alpine folding, in 
early Miocene times, contemporaneously with the 
rise of the Asmari anticlines. The extrusion of 
the flow-sheets represents a later stage, when 
culminating paroxysms of compression caused 
excessive squeezing of the “salt bulges”, while the 
plateauen of Lower Fars material indicate a quie- 
scent phase at the close of the main fold move- 
ments. From what follows, it will be clear that 
any further recurrence of compression could re- 
sult in flow-sheets developing from the plateaux. 


2. Lower Fars ”salt bulges” 


Within the area of Lower Fars salt movement, 
there occur five parallel fold-lines in which the 
Asmari Limestone, and older beds, are arched-up 
into major, anticlinal units. The fold-lines vary be- 
tween 100 and 300 miles in length, and are sep- 
arated by deep synclines containing up to 40,000 
feet of sediments. Individual Asmari Limestone 
anticlines tend to be of the order of 20 to 30 
miles in length, 5 to 10 miles in width, and of 
an amplitude of from 10,000 tot 15,000 feet. 

Although each fold-line appears to have de- 
veloped a distinctive structural pattern of dis- 
harmony, it will only be possible in this paper 
to deal with adjacent portions of two lines, 
shown on the tectonic map in fig. 3 and the 
cross-sections in fig. 4. These portions include 
the major anticlines of Masjid-i-Sulaiman, Kuh-i- 
Asmari and Haft Kel, on the southwest sides 
of which, “salt bulges” are prominently dis- 
played. These salt accumulations, which have 
been penetrated to depths of around 10,000 feet 
by bore-holes without the Asmari Limestone 
being reached, are continuous along the Naft 


2 In surface exposures, and down to a depth of 
about 600 feet, the anhydrites are normally altered 
to gypsum, but this will be ignored for simplicity 
of description. 
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Safid - Haft Kel line of folding for over 60 
miles, and along the Lali-Kuh-i-Asmari trend 
for considerably more. 


Originally, this mobile material appears to 
have had a depositional thickness of the order 
of 4,000 to 6,000 feet over the whole area of 
disharmony, and to have thinned rapidly in the 
neighbourhood of the present-day "Mountain 
Front”. Now, it is invariably found to be thin, 
or entirely absent, over the major anticlınal 
culminations and down their north-east flanks, 
and is up to 15,000 feet thick in the salt bulges. 
The evidence for this lies in the information 
gained from numerous deep wells and from ex- 
tensive, seismic refraction surveys. 


The Haft Kel "Salt Bulge” lies between the 
steep south-west flank of the Haft Kel, Asmari 
Anticline and the sub-thrust Ram Hormuz, Fars- 
Bakhtiari Syncline (figs. 3 and 4). and extends, 
in its maximum development, 40 miles from 
Darreh-i-Bid to the south-eastern end of the Ram 
Hormuz Fault. Over this extent, the seismic 
work, which picks up the edge of the sub-thrust 
syncline by a sudden increase in overall times, 
shows the “bulge” never to be less than 2 miles 
in width. An average of 3 miles appears to be 
a reasonable estimate. The depth of the "bulge” 
may be estimated from the depth of the Bakhtiari 
fore-syncline, the calculated depths to the Asmari 
Limestone from the seismic times, and the known 
amplitude of Asmari anticines. It is most un- 
likely to be less than 12,000 feet and may be 
several thousands of feet more. Hence an es- 
timate of the cubic contents of the Haft Kel 
“salt bulge” is of the order of 250 cubic miles. 

It may be asked here what evidence exists for 
assuming this “bulge” to be the result of tectonic 
rather than depositional accumulation. This may 
be answered by the following points: 


(1) No evidence of overlap or overstep, within, 
or on top of, the Lower Fars evaporites has ever 
been found, either at outcrop, or in the 40 wells 
drilled in the area. On the other hand, evidence 
of tectonic disturbance is everywhere apparent. 
(2) The syncline on the south-west side of the 
Haft Kel Asmari Anticline is “full” of Lower 
Fars, Stage I up to the level of the top of the 
Asmari anticline. It follows that if this is the 
result of depositional accumulation, then there 
has been no increase in amplitude in the Asmari 
anticline since the deposition of Lower Fars, 
Stage I. Also if 7,000 feet or more of Stage I 
were deposited on the south-west side of the 
Asmari anticline then a comparable deposition 
should have occurred on the north-east side. But 
the north-east side is filled by a deep Upper 
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Fars-Bakhtiari syncline, which if initially depo- 
sited on a great thickness of Lower Fars, must 
have displaced it tectonically to reach its present 
development. Hence the major portion of the 
Lower Fars accumulation in the “bulge” must 


Upper Bakhtiari 


have been tectonically achieved. It might still 
be asked whether some proportion of the ano- 
malous accumulation in the “bulge” might not 
be due to depositional causes. Some measure of 
this is indicated by the violent and rapid thin- 
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Fig. 2 — Generalised stratigraphical column for area of Miocene salt diapirism 
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salt t0 move up the Ram Hormuz thrust, and, 
gently lifting the more competent “flap” over- 
lying the syncline, to debouch onto the Alluvial 
Plain. Doubtless, this has occurred many times in 


“ ning which occurs within the Lahabari Syncline 
(fig. 3) on the north-east side of the Asmari 
_ anticline. This was at least 7,500 feet within 

the Upper Fars - Lower Bakhtiari deposition, and 


must have been caused by either (a) a redistri- 
bution of the underlying salt, or (b), a move- 
ment of this order within the Asmari Limestone. 
If (a) is correct, then sufficient salt movement is 
admitted to account for tectonic accumulation in 
the Haft Kel “bulge” if (b) is correct, then this 
movement in the Asmari Limestone, combined 
with the later movement known to have taken 
place after the deposition of the Lower Bakhtiari, 
makes it impossible for any Asmari anticlinal 
structure, with an amplitude of more than a 
thousand of feet or so, to have existed prior 
to, or during, the deposition of the salt series. 
Over the north-western half of the Haft Kel 
Anticline, and down its north-east flank, Lower 
Fars, Stage I is virtually absent. Over the central 
portion of the anticline, it is present thinly, and 
it thickens to some 3,000 feet at the south- 
eastern end. Clearly, the excess salt came from the 
north-east flank and the crestal areas of the 
north-western half (which, presumably, provided 
the higher structural portion in the earlier part 
of the folding). Squeezed out by the rising com- 
petent anticline, it was able to move south-west- 


‚ wards because of the development of a low pres- 


sure area in the growing synclinal area, there. 
For a detailed discussion of the mechanism of 
this movement, the reader is referred to O’Brien 
(1955). Here, it may be advisable to state that 
it is unnecessary to postulate movement of the 
salt downwards into the syncline at any steep 
angle, as the upper part of the “bulge” appears 
to have been fed, almost horizontally, from the 
anticlinal area, and the lower part, similarly, from 
under the adjacent sinking Bakhtiari syncline. 

The structural evolution of the Haft Kel area 
as visualised by the author, is given in fig. 5. 
This shows the postulated structure of the area 
at two intermediate stages between the deposi- 
tion of the Upper Fars, prior to tectonic dis- 
turbance, and the present day. It is hoped that 
this is self-explanatory. 


3. Extrusion of flow-sheets 

The development of “salt bulges” was the re- 
sult of diapirism at depth and under cover. If, 
in the later stages of folding, a “salt bulge” was 
subjected to excessive compression, a more ob- 
vious form of diapirism was liable to occur, in 
the form of extrusion of the mobile material. 
l{ compression were in operation, to-day, be- 
tween the Ram Hormuz Syncline and the Haft 
Kel Asmari Anticline, the result would be for 


the past, and the absence of salt from the thrust 
front at the present time, indicates that the bulge 
i5 not at present in compression. That this is a 
regional state of affairs is suggested by similar 
indications in the Masjid-i-Sulaiman area, 40 
miles north-west, which will be used as an il- 
lustration of typical flow-sheets. 


The “radial flow-sheets” of Lower Fars ma- 
terial, directed outwards from the rising Asmari 
Anticline at Lali, have been referred to, else- 
where (O’Brien, 1948), but equally spectacular 
are the occurrences, 25 miles to the south, in 
which the flow-sheets of Imam Reza and Sar-i- 
Naftak (fig. 3) override, and almost completely 
submerge, the 5,000 feet deep Tembi, Fars-Bakh- 
tiari Syncline. The section AB on fig. 4 illustrates 
these occurrences, as does also the photograph 
on plate 1B. 


To stand in the valley of the Tembi River, 
and look northwestwards, is a remarkable ge- 
ological experience. Underfoot, lie the up-turned 
beds of Bakhtiari Conglomerates of late Pliocene 
— early Pleistocene age. On either side, and ri- 
sing a thousand feet out of the valley, are preci- 
pitous hills of Lower Fars anhydrite and marl of 
Lower Miocene age, showing truncated spurs, 
and perfect consequent drainage. On the Imam 
Reza side, the anhydrite beds are steeply folded, 
but on the Sar-i-Naftek side the flow-sheet lies 
flat and apparently horizontally bedded as if it 
were undisturbed. At the north-western end of 
the valley, the Tembi Syncline is almost comple- 
tely submerged, and the two flow sheets are 
only separated by a few hundred yards, and may 
even quite recently have met and been eroded 
back. 

By detailed studies of the stratigraphy of the 
three component Fars-Bakhtiari synclines of Tul 
Khayat, Tembi and Turk-i-Diz, it has been pos- 
sible to propose a sequence of structural events, 
leading to the overriding of the Tembi Syncline, 
which has considerable bearing on the proces- 
ses of salt diapirism. This is illustrated in fig. 6, 
which, tentatively, depicts five stages in the evo- 
lution of the area. 

In contradistinction to most other areas, the 
salt squeezed out from under the deep Tul 
Khayat Syncline to the south-west, and that 
from over the crestal area of the rising Asmari 
anticline of Masjid-i-Sulaiman, failed to join in 
one simple “bulge”, but formed two "bulges” 
with an intervening synclinal development of 
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Fig. 3 — Tectonic map of the Masjid-i-Sulaiman - Haft Kel area. 
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Bakhtiari beds (the Tembi Syncline). 

By the beginning of Lower Bakhtiari deposi- 
tion, the covers of these two “bulges” had emerg- 
ed to become low Upper Fars hills, and the 
denudation of these hills provided the first Low- 
er Bakhtiari sediments in the Tembi and Turk- 
i- Diz Synclines. The growth of the “salt bulges”, 
however, could not have been symmetrical. In 
the Sar-i-Naftak “bulge”, the main movement 
of salt was closely horizontal from the Masjid-i- 
Sulaiman Asmari Anticline, though inclined up- 
wards where it was joined by a flow from under 
the sinking Tembi Syncline. Consequently, the 
“bulge” was steeper-sided towards the south- 
west than towards the north-east, resulting in the 
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(3) transference of overburden material from 
. the anticlinal surface areas, over the “bul- 
ges”, to the adjacent synclinal areas, over 

the zones of evacuating salt. 


From the presence of anhydrite pebbles in the 
Lower Bakhtiari, it can be deduced that the cover 
over the “bulges” was wearing thin at this period, 
with at least Lower Fars, Stage III exposed in 
either the Imam Reza or the Sar-i-Naftak 
“bulge”, or perhaps in both. A period of strong 
epeirogenic uplift followed, causing rejuvention 
of the drainage, dissection of the Lower Bakh- 
tiari land surface and the deposition of a flood 
of conglomeratic material in the saucer-like de- 
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Fig. 4 — Cross sections through Masjid-i-Sulaiman and Halft Kel areas. 


Tembi Syncline being more strongly folded than 
adjacent parts of its more massive neighbour at 
Turk-i-Diz. This is emphasised by the greater 
dissection of the old Upper Fars land surface 
and more violent unconformity between it and 
the later Lower Bakhtiari deposits. 

Throughout the deposition of the Lower Bakh- 
tiari, the growth of the “salt bulge” continued 
under differential pressure from three main 


causes: 


(1) increasing pressure from the rising Asmari 
anticlines, 


(2) increasing compression in the Fars-Bakh- 
tiari cover, because of tangential stresses 
transmitted at the edge of the basin by a 
moving “Mountain Front”, and 


pressions of the Tembi and Landar Synclines. 

With the close of this phase, came a major 
period of compression, in which intensive crustal 
shortening must have taken place. This led to the 
closing of the Asmari anticlines and the over- 
turning of their south-west flanks. It forced the 
Landar and Tul Khayat Synclines closer together, 
squeezing out the last remaining salt from the 
crest of the Masjid-i-Sulaiman Anticline, and so 
compressing the Sar-i-Naftak and Imam Reza 
“salt bulges”, that the Lower Fars burst what 
cover was left and flowed over the Tembi Syn- 
cline from two directions. 


4. Maintenance of Lower Fars plateaux 


One of the more spectacular sights in the 
Masjid-i-Sulaiman area is the view of the south- 
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eastern end of the red sandstone and marl, Turk- 
i-Diz Syncline apparently sinking into the up- 
squeezed white and red, Lower Fars evaporities, 
as the latter thicken down the plunge of the 
underlying Asmari anticline. 

On the eastern and northern sides of the 
Turk-i-Diz Syncline, an equally remarkable sight 
is that of the squeezed-up Lower Fars, between 
this syncline and the Landar Syncline, maintain- 
ing a plateau of constant elevation, which from 
the air appears to run around the former syncline 
like a giant's causeway. In the photograph on 
plate 2A, the Sar-i-Gach Lower Fars plateau is 


plateau and other Lower Fars plateaux, else- 


where, are the erosional remnants of an older 
peneplained land-surface. The author, however, 
maintains the view, believed to have been first 
expressed by de Boeck, that the Sar-i-Gach pla- 
teau is held at its elevation by the isostatic 
effect of the north-eastern section of the Turk- 
n-Diz Syncline sinking into the comparatively 
low density salt series. This north-eastern sec- 
tion, as shown in section AB of fig. 4, unlike 
most of the remainder of the syncline, is not 
supported by the Asmari anticline below, but 
overlies the south-western side of the Sar-i-Gach 


S.W. 


N.E 


c. Late Bakhtiari Deposition 
Haft Kel 


d. Present day 


7" Application of stress 
_ Direction of salt flow 


ıo miles 


Fig. 5 — Structural evolution of the Haft Kel area. 


seen in the middle distance on the left hand 
side, curving around the north-eastern side of the 
Turk-i-Diz Syncline, the main mass of which is 
out of sight. On the right hand side, the high 
escarpment of the south-west side of the Landar 
Syncline can be seen, and in the valley, between 
the escarpment and the plateau, are the vertical 
and overturned beds of the edge of this syncline, 
close to the diapiric junction. 


The cause of this plateau phenomenon has 
neen the subject of some controversy in the past. 
The view is held by some that the Sar-i-Gach 


salt bulge”. There appear to be two arguments 
against the “old land surface theory” in this par- 
ticular area: 


(1) The hills of the Bakhtiari Turk-i-Diz Syn- 
cline, on one side, and the Lander Syncline, on the 
other, rise to elevations of more than a thousand 
feet above the Sar-i-Gach Plateau. They show 
no signs of terracing at the plateau elevation. 
The plateau, cannot, therefore, have been part 
of an ancient regionally graded plain. 


(2) Wherever Middle and Upper Fars outcrop 
normally beside conformable Lower Fars, the 
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latter, because of the solubility of its compo- 
nents, tends to occupy the lower ground. This is 
particularly well seen along the “Mountain 
Front”, where the Lower Fars outcrop normally 
occupies a valley between Fars-Bakhtiari hills 
on one side and Asmari Limestone mountains 
on the other. In the Sar-i-Gach area, the reverse 
oceuts, in that the Lower Fars plateau rises 
nearly a thousand feet above the Middle and 
Upper Fars, immediately adjacent to it on either 
side (this is clearly seen on plate 2A). Some 
force, therefore, should be in operation to main- 
tain the plateau above the normal erosional level. 
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the Andakah Lower Fars exposure have “bot- 
tomed” on the Asmari Limestone and no longer 
exert any pressure on the “bulge”. 

To sum up, it may be concluded that two 
distinct forms of salt diapirism are present in 
the Masjid-i-Sulaiman-Haft Kel area: 


(1) a tectonically induced diapirism which has 
resulted in the transference of great mas- 
ses of salt into low pressure, synclinal areas 
to form “salt bulges”, and the extrusion of 
flow sheets of mobile, Lower Fars mate- 
tial, capable of overriding, and even of 
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Clearly the elevating force has no connection 
with orogenic sresses, since these could not be 
applied equally over a strongly curved section 
of 12 miles. 


It may be asked why a similar effect is not 
apparent at Andakah on the north-eastern side 
of the Landar Syncline. The answer probably 
lies in the fact that the flanking synclines to 


submerging, adjacent Bakhtiari synclines, 
and 


an isostatically induced diapirism capable 
of maintaining masses of Lower Fars at an 
even elevation, by virtue of the obedience 
of salt to the laws of fluids, when under 
critical confining pressures over a period of 
geological time. 


(2) 
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III. CAMBRIAN SALT DIAPIRISM 


1. General description 

Cambrian salt diapirism is demonstrated in 
South Persia, and the adjacent Persian Gulf 
area (fig. 1), by a series of particularly well 
developed and preserved salt-plugs, which break 
through to the surface after penetrating over 
20,000 feet of sediments. 

The plugs have been fully described by J. V. 
Harrison (1930), and the reader is referred to 
his paper for detail and a larger scale map. To 
recapitulate briefly, the plugs, which number 
well over a hundred and fifty, have their origin 
in a salt deposit of Lower Cambrian age, dated 
by the occurrence of Cambrian trilobites among 
the exotic blocks, and confirmed by the pre- 
sence :of salty red beds, in the Lower Cambrian 
outcrop in the mountain country north-east of 
Masjil-i-Sulaiman. 

The appearance of the landward salt-plugs is 
essentially pluglike, being near circular or oval 
in plan, having a distinctive stock, and forming 
a crater-like depression when the salt has been 
exhausted, or undue erosion has occurred. Their 
similarity in form to volcanic plugs has fre- 
quently been commented upon. In places, where 
the salt has been eroded, it has left great “cor- 
ries” in the anticlinal limestone mountains; in 
others it has burst through synclinal plains to 
form salt mountains up to 4,000 feet high. 

Kuh-i-Namak, depicted in plate 2B, is an ex- 
cellent example of the latter type, demonstrating 
the plug-like nature of the extrusion, the circular 
plan, the up-turning of the country formations, 


and the masses of salt which break out from the: 


containing rim-rock and flow in glacier-like 
streams down the mountain sides. In general, the 
stocks of the plugs are of the order of one to 
two miles in diameter, but the spread of salt 
under gravity-flow may allow the plug to cover 
anything up to 40 square miles in area. 

The seaward plugs form islands in the Persian 
Gulf, in which the salt is only rarely exposed. 
The islands are recognised as plugs by their 
shape, by the salty deposits associated with the 
jumble of exotic blocks which comprise their 
principal relief, and by the rim of outward dip- 
ping limestones, sandstones and marls of Mio- 
Pliocene age which is usually apparent. 


2. Exotic blocks 


The presence of exotic blocks, frequently of 
large dimensions (involving several hundreds of 
yards), is a characteristic feature of Persian salt- 
plugs. The blocks comprise sandstones, shales, a 
characteristic dark foetid limestone, gypsum and 
a series of igneous rocks. In general, the exotic 


blocks appear more numerous in plugs which 
have undergone considerable salt erosion, where 
they litter the floors of the corries and crater- 
depressions. In the active and up-standing salt- 
plugs, the blocks are doubtless equally numerous, 
but being pushed outwards over the rim-rock 
tend to be broken-up and dispersed, and to be 
less obvious. Since it has proved impracticable to 
match the majority of exotic blocks with out- 
crop material in the district, they been referred 
to under the general heading of “Hormuz Ser- 
ies”. 

For a province, in which the occurence of vol- 
canic material is otherwise almost completely un- 
known, the almost invariable association of 
exotic igneous rocks with the salt plugs is parti- 
cularly noteworthy. 


Distribution of igneous material. — Every 
plug which has been given more than a cursory 
examination has been found to contain exotic 
blocks are associated with an igneous series of 
origin and frequently in such quantities as to 
pre-dominate in the “Hurmuz” material. No 
igneous rocks have been found at outcrop, within 
the bounds of this particular geological province, 
although the succession is exposed, in places, 
down to the Upper Ordovician, and it has been 
suggested, therefore, by Harrison (1930), that the 
blocks are associated with an igneous series of 
early Ordovician to pre-Ordovician age. The 
igneous series obviously overlies the main salt 
deposits, and, although it is evidently widespread 
throughout the province, it is unlikely to achieve 
any high proportion of the total thickness of the 
stratigraphical column. If it were, for example, 
in excess of 5.000 feet in thickness, it is diffi- 
cult to see how it could avoid being exposed at 
the surface at places, within the salt-plug area, 
where sole-thrusts operating above the Jubrica- 
ting salt have brought older Palaeozoic forma- 
tions to the surface. 

From this, and from the reasoning that consid- 
erably less exotics should derive from the base 
of the column than from the overlying portion, 
it may be argued that only a small proportion of 
the total exotic blocks should be of igneous 
origin. In fact, however, the igneous blocks form 
a high proportion of the total in the landward 
salt-plugs, and predominate in the seaward salt- 
plugs. 

The seaward salt-plugs, lying between the pen- 
insulas of Qatar and Oman, were visited by 
E. J. White and M. H. Lowson, in 1927, and 
found to be covered by blocks of “Hormuz” 
material in which igneous rocks were sufficiently 
plentiful to be considered capable of economical 


development as road metal for the mainland. 

On Arzanah Island, which is some 2 miles 
long by 1 mile broad, with an elevation of 200 
feet, Hormuz rocks were found to be exposed in 
_ a number of “small domal structures”. Some of 
_ these structures comprised blocks of exotic ma- 
_ terial over 300 feet in thickness. In one of these, 
the following sequence was noted: 


Ophitic olivine dolerite 
Gypsum with red ochre with 2 foot 


20 to 40 feet 


lava band 60 feet 
Rotten lava flow 20 feet 
Gypseous conglomerate 25 feet 
Trachyte 150 feet 


Dolerite was recorded as forming the greater 
part of the higher ground, which was largely co- 
vered by its scree. 

The small island of Qarnain has three striking 
peaks in its northern half while the southern half 
is low and sandy. The central peak comprises 
over a hundred feet of vertical quartzites and an 
intrusion of quartz porphyry which has caught 
up pieces of a similar, but earlier crystallised, 
porphyry of lighter colour in which large pheno- 
erysts of feldspar occur, together with a multitude 
of fair-sized calcite crystals. The north-eastern 
peak is similar and shows sediments again in- 
truded by a quartz porphyry. In the third peak, to 
the east, a trachytic plug forms the core, around 
which are patches of felspar porphyry similar to 
that caught up in the central peak. 

Bu Musa Island is an outstanding example of 
the prevalence of igneous material. Its flat sandy 
surface is about 214 miles long by 2 miles broad, 
and is relieved by a bold central peak and by 
hills near the coast. Hormuz volcanic rocks are 
recorded as being well exposed in the high 
ground. Between the central peak and the 
northern shore there is a sharp dome, in which 
20 feet of red ochre is overlain by 300 feet of 
rhyolite. The central peak is formed by a ver- 
tical mass of rhyolite cut by a dyke of quartz 
porphyry, the whole of which turns up recent, 
shelly beds on the western side. The northern- 
most point of the island is also made of rhyolite, 
stained red by haematite, while to the north- 
east of the central peak, a silicified lava outcrops 
as a small hillock. 

On the western shore, the cliffs and hills are 
determined by a considerable thickness of lava 
flows, estimated at 600 feet. They are soda- 
trachytes, with phenocrysts of albite and ortho- 
clase. In these, White records that crystallisa- 
tion had already begun before extrusion. 

Sir bu Na’Air is an island of similar dimen- 
sions to Bu Musa, and rises to a height of 240 
feet. Hormuz rocks form the whole of the 
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island except for the usual recent and sub-recent 
deposits developed along the coast. The hilly 
parts are formed by eroded blocks of Hormuz 
material. in one of which White and Lowson 
record the following succession: 


Green hornblende porphyrite 100 feet 
Gypsum with red ochre and interbedded 

limestone 70 feet 
Rhyolite 100 feet 
Gypsum with interbedded sediments 25 feet 
Rotten rhyolite 10 feet 
Gypsum beds with pebbles of lava, inter- 

bedded sediment, and red ochre 20 feet 
Rhyolite, weathered greenish 10 feet 


Gypsum beds with pebles and boulders of 
lava, interbedded sediments and red ochre 15 feet 


Amygdaloidal trachyte 40 feet 
Gypsum beds with sediments interbedded 

with red ochre 20 feet 
Rhyolite 20 feet 


Blocks of the hornblende porphyrite cover 
the high ground of a large part of the island, and 
determine practically every hill. 

The salt underlying the complex of exotic 
Hormuz blocks is rarely seen in these salt is- 
lands, but one exception occurs at Larak Island, 
north of the Oman peninsula. This is a large is- 
land, about 5 miles long by 4 miles broad, and 
consists of a large, central exposure of Hormuz 
rocks, partially surrounded by a rim of outward 
dipping limestones, sandstones and marls of Mio- 
Pliocene age. The topography is rugged, with a 
high point of 510 feet and many peaks ap- 
proaching this figure. The high ground is describ- 
ed as being mostly formed by a “topsy-turvy” of 
sedimentary and igneous’rocks, in which the na- 
tural topography is rendered more rugged by 
great chasms formed by the underground solu- 
tion of the salt, and the subsequent collapse of 
the overlying material. 

A conical peak in the west-central portion of 
the island was found to comprise 


Gypsum 10 feet 
Purplish sandstone 22 feet 
Soda rhyolite and rhyolitic 

agglomerate ca 100 feet 
Haematised gypsum 40-100 feet 
Rock salt ca 250 feet seen 


This block was penetrated by minor intrusions, 
one of which was a large plug-like mass of rock, 
consisting almost entirely of alkali felspars. 
Around the peak, many igneous boulders were 
found, including three blocks of actinolite rock 
containing many crystals of beryl. 

In the centre of the island, a fresh grey, horn- 
blende-biotite granite occurred in blocks weigh- 
ing many tons, and still larger and more nume- 
rous blocks of felspar porphyry were recorded. 

It is clear that in these salt-plug islands, the 
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salt being rarely visible, the topography is de- 
termined by the resistance to erosion of the great 
exotic Hormuz blocks, now covering the surface 
of the plugs. Among the blocks, some many 
hundreds of yards in diameter, igneous rocks are 
dominant, and among these, not only volcanic- 
flow material occurs, but also a high proportion 
of more hypabyssal types, such as might have 
been derived from a comparatively deep-seated 
igneous stock. 

These descriptions of the seaward salt-plugs 
are likely to provide a reliable picture of the 
relative importance ‚of igneous rocks in the 
Hormuz material, because the survey was under- 
taken, for economic reasons, with this in mind. 
The difficulties of transporting road metal, by 
land, from the remote areas of the landward 
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the salt-plug country of South Persia. 


salt-plugs, are such that visiting survey parties 
have paid little attention to this aspect, and their 
descriptions of the exotic blocks has suffered in 
consequence. Some indication of the prevalence 
of igneous blocks, in landward plugs, however, 
was given by P. E. Kent in an unpublished des- 
cription of the Kalat Salt Plug in 1952. He 
stated: 

»McGugan measured a section (see below) in a 
rock mass measuring 400 x 660 x 360 feet; other 
masses were around 100-150 feet cubes. These were 
however, by no means the largest, two appearing to 


be around 2,000 feet long, but scree from their own 
disintegration hindered measurement. 


Through much of the plug — particularly on the 
western side — green igneous rock was dominant 
over others types. In one case Warman recorded 
definite pillow-lava structure in this rock; elsewhere 
it was often coarser and may be in part an intrusive 
mass (possibly even plutonic). These igneous blocks 
have been extruded from the plug over a long period, 
occurring in the Middle Fars pebbly beds (see be- 
low).” 

There can be no doubt that igneous rocks form 
a far higher proportion of the exotic material, 
than would be expected from salt plugs pene- 
trating a volcanic series low in the stratigra- 


phical column. 


Composition of igneous material. — The 
igneous rocks associated with both landward and 
seaward plugs, are, practically without exception, 
highly soda-rich. All have close affinities to rocks 
of the spilitic suite. The majority of those stu- 
died by Harrison from the land plugs, may 
be classified as soda-rich basalts and keratophyres 


with the following features: 

(a)albitization of the felspar, usually at an ad- 
vanced stage, 

(b) characteristic and 


chlorite, 


presence of epidote 


(c) characteristic uralitization of pyroxene, 
(d) ordinarily ophitic in texture. 


Harrison has suggested that the production of 
epidote has involved the original minerals in a 
loss of calcium, and enriched them in soda and 
iron, but it appears equally reasonable to assume 
that a partially crystallised, low temperature melt. 
has assimilated a considerable volume of salt, 
leading to soda-enrichment of the plagioclase 
telspar with the replaced calcium taking part in 
the formation of epidote. Epidote is known to 
be produced, usually in association with chlorite, 
under the conditions that result in the replace- 
ment of anorthite. It is significant that the pla- 
gioclases usually show zoning, with the more 
acid margins comparatively fresh and the basic 
interiors turbid through alteration. 


The composition of these rocks argues strongly 
that they have been in close contact with the salt 
while still in a molten condition, and the com- 
mon characteristics over an area of 100,000 
square miles, argues that all the blocks are 
closely associated with the parent igneous necks 
responsible for the initial penetration of the salt. 
If it were not so, then over such a great area, 
a wide divergence of composition with differing 
degrees of soda enrichment would be expected 
to occur. 


3. Motivating forces 

It is generally agreed among students of Per- 
sian salt-plugs that the motivating forces in 
bringing the salt to the surface is of an isostatic 
nature, with gravity acting vertically through the 
medium of the density difference between the 
salt and the overlying sediments. The arguments 
by which this conclusion was reached may be 
summarised as follows: 
(1) The plugs are vertical in nature, in contrast 
to the subhorizontal flow of tangentially squeez- 
ed Miocene salt. 
(2) The plugs occur in an area which has only 
been subjected to one major period of orogeny, 
in Mio-Pliocene times, and yet some are known 
to have been active in Cretaceous times, and 
others to have formed islands in the Oligo- 
Miocene sea. These plugs were developing at 
times when no tangential, compressive forces 
were in operation. 
(3) The plugs are common in the Persian Gulf 
and on the mainland of the Trucial Coast, where 
folding, other than gentle warping, is unknown. 
The plug at Jebel Sanam, too, occurs in a gently 
warped region in which the dips very rarely 
exceed'I, 
(4) In the folded belt, the plugs appear to bear 
no fixed relationship to the present-day pattern 
of folding, occurring indiscriminatily on anti- 
clinal crest, pitching end, flank and synclinal 
plain. 
(5) The sustained height of the salt plugs above 
the surrounding countryside, in the case of fully 
active plugs, is just that which may be theoreti- 
cally calculated from the density difference and 
thickness of the sediments, involved (Lees, 1931). 

The combination of these five factors forms a 
powerful argument for accepting gravity as the 
motivating force in the upward movement of 
the salt-plugs. 


4. Theory of imitiation 
The problem, remaining, is to determine the 
initiating factor, responsible for setting off the 
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salt on its long journey to the surface. It has 
been suggested by J. V.. Harrison (1931) that 
nuclei of salt were formed above the pre-Cam- 
brian floor, through irregular cracking or 
through folding movement, by salt flowing into 
areas of reduced pressure. Other authors have 
suggested fracturing of the overburden, with 
salt plugs forming at the meeting point of 
two or more fractures. These theories have funda- 
mental weaknesses which appear to invalidate 
them: 

(1) Faulting in the area is of a minor nature, 
and is only rarely associated with the salt-plugs. 
(2) When salt-extrusion is associated with 
faulting it tends to be elongated along the fault, 
and the characteristic plug-like form is de- 
stroyed. 

(3) The distribution of the great majority of 
salt plugs cannot be aligned along present-day 
hypothetical lines of dislocation. 

(4) The fault theories, whether in basement or 
overburden, fail to explain the anomalous distri- 
bution and composition of the igneous exotic 
biocks. 

(5) No reasonable explanation has been put 
forward to explain why salt, initially motivated 
along a fault-plane, should reach the surface in 
circular form. The evidence of Miocene salt mo- 
vement is against such a conclusion. 


The theory of a buried pre-Cambrian hill, 
forming a node for salt accumulation, is more 
acceptable from the stand-point of producing a 
circular extrusion, but takes no account of the 
igneous EXOtics. 

In the author’s opinion, a satisfactory explana- 
tion of all the facts can only be obtained by 
arguing a much closer relationship between the 
Persian salt-plugs and vulcanism, than that sug- 
gested by the casual penetration of a cold, crys- 
tallised volcanic series by diapiric salt. The high 
proportion and wide distribution of exotic blocks 
of volcanic and hyperbyssal material found Iying 
on, or embedded in, the salt-plugs, their similar 
composition and characteristic of salt-enrichment, 
and the similarity of form and size of the salt- 
plugs to vulcanic stocks, bear this out. 

It is not proposed to return to the early vol- 
canic theories, popular at the beginning of the 
century (de Golyer, 1920), in which the salt was 
suspected of being a by-product of vulcanism, or 
of being driven upwards in a molten condition 
by volcanic action, but rather to suggest how 
vulcanism at an early period of the area’s his- 
tory may have been the controlling factor in 
initiating salt-plug movement. 
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The observed evidence allows the following 
deductions: 

(a) a bedded salt formation of considerable 
thickness exists at a great depth over the area, 
(b) a volcanic series overlies the salt series, 
probably with an intervening series of limestone 
and shales, 

(©) the volcanic series was emplaced through 
a wide-spread series of igneous necks, or dykes, 
most of which pierced the salt formation in a 
vertical, or near vertical direction. 

Once these three deductions are accepted as 
axiomatic, it becomes a logical follow-up to 
consider the likely effect of the penetration of 
such a salt formation by an igneous intrusion of 
pipe, or fissure, type. Such consideration has led 
the author to the conclusion that, under the 
sedimentary conditions pertaining in the Persian 
Gulf area, the penetration of the Cambrian salt 
by igneous plugs would have been likely to 
initiate salt-plug movement. The steps by which 
this conclusion was reached are set out in the 
following theory, in which the formation of 
Persian salt-plugs is tentatively presented in 
four distinct stages. 

Stage 1: Igneous intrusion. — At some stage 
prior to late Ordovician times, South Persia 
entered a volcanic phase of its geological his- 
tory, following the intrusion of numerous 
necks into the Lower Cambrian salt deposits, and 
the overlying Cambrian, and possibly Ordovician, 
sediments. Salt was assimilated by the melt, both 
from the country rock and from soda solutions, 
resulting in considerable soda-enrichment of the 
necks, themselves. 

Stage 2: Salt infiltration. — The igneous necks 
were enlarged until movement of the melt 
ceased. The process of stabilisation was assisted 
by the comparatively rapid cooling of a neck 
in that portion penetrating the salt formation, 
because of the very much higher thermal con- 
ductivity of the salt compared with overlying 
and underlying sediments. Although no figures 
are available for the Cambrian salt, comparative 
figures, for the conductivity of Miocene sedi- 
ments in South Persia, are instructive (Coster, 
1947): 


Fars Rock Salt 

Fars Sandstone 

Yars Marls, shales etc. 
Asmarı Limestone 


162 X 10-* cal/cm °C sec. 
67 X 10-* callem °C sec. 
AIS 10=Zcallemid@rsec, 
52 X 10-+# cal/cm °C sec. 

The crystallisation of basalt takes place with 
a reduction in volume, so it may be assumed (by 
Le Chatelier's law) that the freezing point is 
raised by pressure. This, together with the high 
heat loss through the salt, ensured that soli- 
dification with contraction took place more rapid- 


ly in that part of the neck opposite to the salt 
formation, than in the part opposite the sedi- 
ments overlying the salt. A small constriction 
in the salt-enclosed portion of the neck was 
thereby formed. 


The salt under pressure from the overburden 
may be assumed to have been in a state of 
potential plastic flow, particularly at the tempe- 
ratures existing in the neighbourhood of the 
neck, so that it was free to move rapidly in any 
direction of reduced pressure. The local con- 
traction of the neck allowed the salt to move 
inwards towards the centre, and sö to underlie 
the contact between the volcanics and sediments 
above. 


As the remainder of the neck solidified and 
contracted in the sedimentary portion above the 
salt, an annulus of low presure was set up at 
the contact between igneous and sedimentary 
rock, into which salt quickly infiltrated under the 
pressure induced by the overlying sediments. The 
greater the rigidity of the enclosing sediments, 
about the neck, the more pronounced must have 
been the low pressure annulus, and the more 
succesful the salt would have been in infiltrating 
into the annulus, and in moving up the peri- 
phery of the solidifying neck. In South Persia, 
the sediments over the salt are believed to have 
been massive shales, limestones and quartzites, 
and though it is difficult to assess the rigidity of 
such beds at the time of igneous intrusion, they 
were obviously far less mobile than the under- 
lying salt, and unlikely to adapt themselves to 
the reduced pressure conditions in the annulus 
sufficiently quickly to keep out the “hydrostati- 
cally” mobile salt. 

Once the salt had made an initial breach into 
the contraction annulus, and a substantial pres- 
sure differential had been set up, it would have 
continued to work its way upwards until it 
reached the surface. 


Stage 3: Salt Penetration. — The third stage 
in the growth of the salt-plug resulted from 
continuing sedimentation over the area, and 
periodical penetration of the salt into these se- 
diments as sufficient pressure and opportunity 
occurred. At this stage, widening of the salt 
annulus around the igneous neck would have 
taken place allowing an increased flow of salt 
to the head. With the increased width, and flow, 
portions of the soda-enriched stock would have 
been plucked off and carried upwards to the salt 
head. This salt head, above the stock, might be 
expected to contain exotic blocks of igneous 
rock and of country rock roughly in the propor- 
tion of the inner and outer diameters of the 


Igneous Intrusion 


Salt Penetration 


5.000 


Stage 1 
Salt Infiltration 


Salt Emergence 


Figures 8—11. 


annulus (the areas of the surfaces exposed to 
moving salt are in the proportion of these dia- 
meters). Thus, if the inner diameter of the salt 
annulus( the diameter of the igneous neck) were 
300 yards and the outer diameter 600 yards, 
the distribution of exotic blocks might be of the 
order of two-thirds country-rock and one-third 
igneous material, provided unknown factors such 
as hardness and degree of fracturing were com- 


parable. 
Stage 4: Salt emergence. — Ultimately, and 


probably at intervals during its long history, a 
stage was reached when recession of the sea, 
and general uplift, allowed the salt to penetrate 
the complete sedimentary succession and to 
emerge through the surface of the ground in the 
form seen at the present time. 

At this stage, continuous erosion would have 
lead to a slow, but steady, flow of salt from the 
parent formation to the surface. Igneous rocks 
would have continued to make up a fairly high 
proportion of the exotic blocks despite the dis- 
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tance they had to be carried, not only because 
the surface of igneous material exposed to the 
moving salt was a considerable proportion of 
the total surface within the plug, but because the 
rate of flow in the restricted annulus would have 
been considerably greater than in the solid plug 
above. 


5. Application of theory 

If this theory of salt-plug genesis is acceptable 
in the Persian Gulf area, it remains to be dis- 
cussed whether it has any wider application. 
Certainly, many of the features shown by the 
South Persian salt-plugs are duplicated in many 
other salt-plug areas of the world. In particular, 
igneous rocks of similar type to those associated 
with Persian salt-plugs are found as exotic blocks 
in salt-plugs from many other parts. Special 
mention may be made of the following examples: 


(1) In the Cantabrian province of Northern 
Spain, blocks of “ophite”, hundreds of metres in 
diameter, form a dominant proportion of the 
exotics found on and about the salt-plugs of the 
area (Rios, 1948). 

(2) In the salt-plugs of South-west France, 
“green eruptive rocks, 'ophites’ of the diabase 
family”, are common as exotic blocks (Dupouy- 
Carnet, 1953). 

(3) In Morocco, “ophites” and ophitic lavas 
are described from all the salt plug occurrences 
as exotic blocks. 


(4) The salt-plugs on Ellef Ringnes and Amund 
Islands in the Canadian Arctic Ocean, recently 
visited by the Geological Survey of Canada, 
contain considerable quantities of exotic basalt 
blocks, up to 2,300 feet in length (Heywood, 
1052): 

(3) Miocene salt-plugs of the Central Iranian 
Plateau contain volcanic and intrusive rocks, 
which are described by Gansser (1955) as having 
a basic gabbroid origin (augite dolerites, locally 
with olivines). 

(6) In the Castle Valley salt-plugs of Utah, 
U.S.A., a small, isolated igneous stock, surround- 
et by gypsum, occurs within the salt-plugs (Har- 
As6n®&1-8.21927). 

(7) At Poza de la Sal in Northern Spain, where 
red Triassic marls and gypsum occur as a dia- 
peric mass with a central core of dolerite, BK.N. 


Wyllie (1932) suspencted the one-time presence 
ot a salt-plug, and mentioned a similar occurren- 
ce at Salinas de Anana, west of Vittoria. 

Many other instances are known of this as- 
sociation of salt-plugs with vulcanism, particu- 
larly in Roumania, the Donetz Basin, Siberia, 
Tunisia, Algeria, Germany and Mexico. The as- 
sociation is far too common for coincidence. It 
would be foolish, however, to assert that all salt 
plugs are initiated by igneous intrusion, but it is 
believed that in many. areas where their origin 
is in doubt, and where igneous exotic blocks are 
present, this theory may hold good. 

In conclusion, it is of interest to note the 
geographical association, within the Persian Gulf 
area, between the salt-plugs and the regional 
trend of the Oman Peninsula. The strike of the 
Oman Peninsula, and its continuation southwards 
through Arabia (see fig. 1), has been recognised 
as a tectonic feature of some antiquity. Lees 
considered the feature to be of pre-Gosau age 
(1928), and drew attention to its alignment with 
the meridional trend of the Hercynian folding 
of the Ural Mountains. Extended northwards 
into South Persia, the Oman trend separates two 
entirely different tectonic provinces. To the west, 
in Laristan, lies the salt-plug area of compara- 
tively simple folding, heavy sedimentation and 
freedom from metamorphism, while to the east, 
in the Makran, lies an area of great complexity 
displaying older metamorphics and a basic lava 
complex. Further to the north, in Central Iran, 
Gansser (1955) has recognised a comparable 
structural discordance across a trend to which 
he gives the name “Oman Line”. This extension 
of the Oman strike may be recognised as far 
north as the Russian border, east of the Caspian 
Sea, where its alignment with the southern ex- 
tension of the Ural strike is most marked. To the 
south, Lees traced the Oman trend to Ras Madh- 
raka, and then concluded that it either continued 
its course southwards through the Indian Ocean 
as postulated by Kober (1921), or passed be- 
tween Socotra and the Arabian coast into the 
Gulf of Aden. 

The South Persian salt-plugs are most nume- 
rous just west of the “Oman Line” and become 
progressively less dense, westward, over a dis- 
tance of some 300 miles. The Central Iranian salt- 
plugs, similarly, are densest immediately to the 


PLATE 1 (opposite) 
A — View from south-east along the south-west edge of the Haft Kel 'Salt Bulge'. In the foreground 


the contact between the Bakht 
of the Ram Hormuz fault. 


1a 


iari on the left and the Lower Fars on the right, traces the outcrop 


B — View from south-east up the Tembi Valle j 
y showing the Imam Reza flow-sheet to the left of the 
ver and the Sar-i-Naftak flow sheet to the right of the river, overriding the Tembi Syncline. 
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ment. It is also significant that the examples 
described are not freaks or isolated instances, 
but are part of a well authenticated structural 
pattern exending over dozens of structures within 
an area of 20,000 square miles. 

The question must be asked whether the Per- 


west of the “line”, and die out westward within 
a similar distance. If the Oman trend continues 
_ into the Gulf of Arabia, then the South Arabian 
_ salt-plugs hold a similar position to the “Oman 
line”, as the more numerous plugs in Persia. In 
_ Russia, the Emba salt-plugs lie just west of the 


Ural trend, as do also the salt diapirs of the 
Permian Basin. 

It seems clear that the Ural - Oman trend 
formed the eastern boundary of a series of major 


evaporite basins of varying ages. If the theory 
of salt-plug initiation is correct, it may also have 


been the site of a zone of recurrent volcanic 
activity. 


Ä.ISOSTATIC FORCES 


sian examples are exceptions to the rules of 
diapiric movement, or whether these rules have 
not, occasionally, been misinterpreted, elsewhere. 
The salt diapirs of Western and Central Europe 
are classic examples, but in very few, if any, 
has the shape of the competent formation under- 
lying the salt been determined by accurate mea- 
surement. Some, undoubtedly, are anticlinal in 


B.TECTONIC FORCES 


Static Structural High 


Diapir 


Sr 'Overburden % 
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>—- Application of Stresses 
——> Direction of Salt Movement 


Fig. 12 — Generalised forms of salt diapirism induced by isostatic and tectonic forces. 


IV. CONCLUSIONS 
One of the more significant points in Persian 
salt tectonics is that the Miocene salt, in general, 
has moved from anticlinal areas into synclinal 
areas, and there is no denying that this is con- 
trary to the accepted trend of diapiric move- 


eig 


Kor Anticline 


> 
a 


form, and it must be presumed that salt is squeez- 
ed to the anticlinal crests by the weight of the 
adjacent synclinal overburdens. Others, however, 
particularly in areas of strong folding, may 
well prove to have no anticlinal core, but to 
overlie synclinal formations. 


PLATE 2 (opposite) 


i i -i-Di line in the top left-hand corner, 
EZ -i-Gach from south, showing the Turk i Diz Sync co: 
ee 18 er Fars plateau curves in the middle distance. The Landar Syncline is in the 


foreground and to the right. 


B — View of the Kuh-i-Namak Salt-Plug, showing salt flows and up-turned country rock of Cre- 


taceous age. 


376 


The apparent Persian anomaly may be of im- 
portance to one of the outstanding problems in 
the study of diapirism, namely, the differentia- 
tion of the effects of gravity from those of tec- 
tonic forces. While this distinction is reason- 
ably clear in South West Persia, in other dia- 
piric areas of the world, it has proved most dif- 
ficult to determine. Persia may, perhaps, give 
a lead by virtue of the fact that, in the Miocene 
salt areas of tectonic disturbance, there is not 
one single instance of salt breaking out, verti- 
cally, from the crest of an Asmari anticline. The 
outbreak is invariably from Asmari synclines. 

Therefore, while there will undoubtedly be 
exceptions, it may be true to say that where salt 
diapirism occurs over a competent anticline (or 
any comparable structural high), it has been 
induced by isostatic forces acting through the 
sinking of the adjacent synclines, but that where 
it occurs over a competent syncline, it has been 
induced by tectonic forces. These two funda- 
mental types may be illustrated, diagrammati- 
cally, in the form shown in fig. 12. 


The Cambrian salt-plugs of South Persia 
would not be exceptions to this rule, since the 
postulated, initiating igneous plugs may be con- 
sidered, for this purpose, as structural 'highs’. 
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LES DIAPIRS TRIASIQUES 
DU BOU TALEB OCCIDENTAL (ALGERIE)' 


J- BERTRANEU 2 


INTRODUCTION 

Element de la chaine des Monts du Hodna, 
le massif du Bou Taleb est un anticlinal de 
direction E-W, dessine par les assises du Juras- 
sique sup£rieur et du Cretace inferieur et moyen; 
en outre, une ceinture de Cretace superieur et de 
Miocene court au pied de l’anticlinal, transgres- 
sive et discordante. Le trait structural remar- 
quable est represente par le caractere extrusif de 
trois noyaux de calcaires et dolomies liasiques, 
qui percent cet anticlinal de facon desordonnee 
et contrastent avec la structure calme de la cou- 
verture: une €tude tectonique de£taillee (Ber- 
traneu, 1952; B.R.M.A., Rapports inedits) en 
permis de montrer que ces noyaux, precocement 
decoupes par failles lors d’une premiere phase 
orogenique emscherienne, ont Evolue en extru- 
sions lors des mouvements post-burdigaliens; li- 
ber&s accidentellement de leurs attaches profon- 
des, ces noyaux ont r&agi aux efforts tectoniques 
de facon aberrante et disharmonique par rapport 
& leur couverture; nous avons Ja un exemple 
particulierement spectaculaire de l’Evolution ex- 
trusive des „lentilles d’origine tectonique” de L. 
Calembert (1941, 1952). 

La fracturation emscherienne et les mouve- 
ments verticaux post-burdigaliens se sont ac- 
compagnes, souvent sur les memes „failles vi- 
vantes” (Raguin, 1949), de montees periodiques 
de Trias A facies Keuper: la structure et l’Evolu- 
tion de certains de ces diapirs ont pu Etre par- 
ticulierement precisees par des Etudes detaillees 
et des travaux de recherches entrepris par le 
Bureau de Recherches Minieres de l’Algerie dans 
le Bou Taleb occidental. 


ETUDE STRUCTURALE DES DIAPIRS BU BOU 
TALEB OCCIDENTAL 


Les montees de Trias que nous Etudierons ici 


1 Publie avec l’autorisation de M. G. de Beaure- 
gard, Directeur General du Bureau de Recherches 
Minieres de l’Algerie (B.R.M.A.). 

2 Ingenieur-geologue au B.R.M.A. 


sont situees dans le petit massif dj. Soubella- dj. 
Bou Ich, le plus occidental des trois noyaux 
liasiques du Bou Taleb (v. fig. 1). 

La piece-maitresse qui a conditionne la locali- 
sation des diapirs dans ce secteur est un grand 
accident ESE-WNW qui, sur plus de 10 km, 
prend en Echarpe le noyau liasique. Depuis la 
cuvette d’Annoual jusqu’au Kef Sennar, cette 
faille se voit jalonnee par trois pointement de 
Trias: a l’Est, le diapir d’Annoual, dont la prin- 
cipale caracteristique est d’etre remanie par le 
conglomerat de base santonien; A l’Ouest, les 
pointements du col de Bou Ich et du Kef Sennar 
ou, par contre, les argiles bariolees du Trias in- 
jectent du mat£riel burdigalien. 

Les deux premiers diapirs ne paraissent pas 
presenter une grande originalite structurale; au 
contraire, la structure du Kef Sennar, bien pre- 
cisee par les sondages et les travaux miniers du 
B.R.M.A., merite d’etre decrite plus en detail. 

Le graben du Kef Sennar est situ a l’extre- 
mite NW du noyau liasique dj. Soubella — dj. 
Bou Ich. 

Il s’agit de l’effondrement d’un compartiment 
de Burdigalien, en bordure du noyau liasique, 
dans le Sinemurien d’une part, et entre Lias et 
Senonien d’autre part. Ce Burdigalien, represente 
par des marnes gypsiferes au sommet et des cal- 
caires A Algues ä la base, ne montre, en fait, en 
affleurement, que les marnes sup£rieures: en ef- 
fet, les calcaires ont &t€ effondres au fond du 
graben et ils ne sont representes en surface que 
par des blocs flottant dans les marnes et cor- 
respondant aux zones de broyage des deux levres 
de l’accident. Toutefois, un petit panneau de cal- 
caires burdigaliens a et conserve au fond le l'ef- 
fondrement, comme l’ont montre les sondages du 
B.R.M.A. 

Dans le detail, ce graben se subdivise en deux 
panneaux: un compartiment SE oü le Miocene 
repose sur le Lias, un compartiment NW oü le 
Burdigalien a pour substratum des calcaires a 
Orbitolines, petit copeau aptien pris par faille 
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entre le Sinemurien et les poudingues santoniens INTERPRETATION ET GENESE 

(v. fig. 2). L’äge emscherien de la partie orientale de l’ac- 
La levre SW du graben, qui correspond au cident Kef Sennar-Annoual est irrefutablement 

grand accident Annoual-Kef Sennar precedem- demontre par la reprise dans les poudingues san- 

ment cite (v. fig. 1), a permis une grosse montee toniens du diapir de la cuvette d’Annoual, et on 

de Trias dont les argiles et les gypses injectent Je est en droit d’attribuer cet äge A tout l’accident 

Burdigalien (v. fig. 2). et en particulier ä la levre SW du graben du Kef 
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2_le rejeu des accidents 
emscheriens lors des mouvements 
post-burdigaliens 
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fo) > ’ . 


Sennar . En consequence, cet accident, apparu 
des l’Emscherien, a sans cesse rejou& et permis 
periodiquement des montees triasiques, dans la 
cuvette d’Annoual & l’Emscherien, au col de Bou 


3 En ce qui concerne la levre NE, P’&tude detail- 
lee a de m&me montre l’äge emscherien de cet acci- 
dent (Bertraneu, 1952) (v. fig. 1) qui est une des 
failles, qui, decoupant le bloc liasique des le Cr&tac& 
sup£rieur, l’ont destine & son extrusion future: lors 
des mouvements post-burdigaliens, la zone du Kef 


SW 


Echelle 


0 20 40 
Fig. 2 — Le graben et le diapir triasique du K 
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Ich et au Kef Sennar apres le Burdigalien (v. 
fig. 1 et 3). 

Ainsi, dans le Bou Taleb occidental, la mise 

en place des diapirs triasiques s’est effectude par 


Sennar, prise entre deux accidents qui rejouaient, n’a 
pas pu suivre le soulevement de la masse liasique et 
est restee encaissee. On voit le röle determinant 
qu’ont jou& les accidents emscheriens dans la tec- 
tonique postmiocene. 


NE 


1 
serrll 


At 
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60 80 100” 


ef Sennar (en bas, le compartiment SE, en haut le comparti 
ment NW). 
Figures: 1, Maınes burdigaliennes; 2, Calcaires burdigaliens of seave 


. D ” 4 = 
&s; 2 bis, Calcaires burdigalieus suppases; 


i i ien; ine ien; 6, Trias. 
3, Poudingues santoniens; 4, Aptien; 5, Sinemurien; 6, 
225 G, TB: Galeries B.R.M.A. S: Sondages B.R.M.A. 
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Fig: 3 — Coupes seriees de l’accident Kef Sennar — Annoual. 


„pulsations successives au cours des differentes 
‚phases orogEniques, ä la faveur d’une faille an- 
cienne A l’activite toujours renouvelee. Si lexis- 
tence vraisemblable de zones instables du socle 
semble devoir rendre compte du caractere vivant 
d’un tel accident, le Trias injecte n’a-t-il pu aussi 
aider, en interdisant la cicatrisation de cette faille, 
a lui assurer un tel caractere? 


RECHERCHE A L’ECHELLE REGIONALE DU 
MECANISME QUI A DECLENCHE LES DIAPIRS 
| TRIASIQUES 


En ce qui concerne les montees triasiques ante- 
aturiennes, des pressions et efforts lateraux, com- 


N Bou Taleb 
Bou Ich 


= m’! Burdigalien 

za S Asturien F 

Be etc Santonien Begese 

Felci Cretace inf. et moy. t Trias 
Fig. 4. 


5 


patibles avec le „plissement vrai” qui a carac- 
terise la phase emscherienne, peuvent rendre 
compte de la mise en place de tel diapirs a la 
faveur de la fracturation importante qui a accom- 
pagne le plissement. 

Par contre, pour les montees de Trias post- 
miocenes, on ne peut invoquer des efforts tan- 
gentiels, la phase post-burdigalienne Etant stricte- 
ment caracterisee, dans cette region, par des mou- 
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vements verticaux; de plus, il est douteux que ce 
soit les masses liasiques, affectees d’un mouve- 
ment ascendant, qui aient exerce des pressions 
sur le Trias sous-jacent. On peut donc penser que 
ce Trias Etait comprime par une cause Etrangere au 
massif lui-m&me: peut-tre peut-on supposer que 
les argiles triasiques, materiel plastique, se voya- 
ient interposees entre un socle rigide et plusieurs 
milliers de metres de sediments (dont un millier 
brutalement ajout€ par la sedimentation mio- 
cene), et Etaient donc soumises A d’enormes pres- 
sions, ont cherche un Exutoire. Or, les grandes 
failles vivantes du Bou Taleb, dont la permanence 


S 


}cs 


Bassın Subsıdent 
dv Hodns 


indique le caractere profond, representaient cer- 
tainement, pour le Trias comprime dans le bassin 
voisin, un €xutoire d’autant plus facile quelles 
affectaient des noyaux liasiques Erodes et simple- 
ment recouverts d’une £paisseur relativement 
faibel de Miocene. 

Poussant I’hypothese plus loin, on pourrait 
m&me se demander, si, dans une certaine mesure, 
le Trias n’est pas responsable de l’exhaussement 
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des noyaux liasiques. 
CONCLUSION 

Les diapirs triasiques du Bou Taleb occidental 
se sont mis en place par pulsations successives, A 
l’Emscherien et apres le Burdigalien, a la faveur 
des m&mes „failles vivantes”: 

A l’echelle regionale, au moins en ce qui con- 
cerne les montees de Trias post-burdigaliennes, 
il semble que le phenomene soit bien dans le 
cadre des mouvements verticaux qui ont Carac- 
terise la phase orogenique post-miocene dans 
cette region: le Bou Taleb et les Monts du Hodna 
en general relevent, A partir du Miocene, du bas- 
sin subsident du Hodna dont ils sont la compen- 
sation positive sur la bordure Nord; l’accumu- 
lation enorme des sediments dans l’aire subsi- 
dente n’est peut-Etre pas Etrangere aux poussees 
triasiques qui se sont manifestees sur la bordure 
septentrionale du bassin, ou des noyaux liasiques 
morceles, fractures et mis a jour pouvaient pre- 
senter, pour le materiel plastique du Trias, un 
exutoire facile. 
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GEOLOGIE EN MIINBOUW (NW. 
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DIAPIRIC AND DOMING ACTION OF SALT IN SOUTH-EAST ALGERIA 


E#UDE’SITTER! 


SUMMARY 


The upward motion of salt in a salt dome or in 
an anticlinal salt-core is a generally accepted prin- 
ciple, but the accompanying rim syncline is consi- 
derably less obvious and the secondary effect of an 
intermediate dome between two saltstructures can 
often only be surmised. In the example of East Al- 
geria, described in the next pages, these phenomena 
are unusually clearly expressed by the structural 
shapes of it composite members, and their gradual 
development can be proved to some extent. 


LOCATION 


The area of the Ouenza anticline which I 
visited in 1947 was mapped by Dubourdieu 
(1956) and is situated in East Algeria just on the 
Tunisian border some 100 km south of the coast. 


STRATIGRAPHY 


The stratigraphical sequence comprises the 
Cretaceous from the Aptian upwards with small 
discordant Miocene basins on top and with 
diapiric Triassic in the cores of the anticlines. 

A brief stratigraphic sequence looks as follows: 


Miocene — sandstone and marl 
pronounced unconformity 
Senonian — mudstone and marl 
Turonian —  limestone ridge 
Cenomanian — mudstone, marls with a few 
limestone, 1000 m thick sequence 
Vraconian —- marl 
Upper & Middle — lithographic 
Albian limestone 
Lower — marl 
Aptian — massive (reef) limestone 
everywhere tectonic contact 
Triassıc — gypsiferous marls with some dolo- 


mites, sandstones. 


The state of exposure is extremely good in this 
arid region and although areal photographs were 
not available at the time of my visit mapping 
was relatively easy and quick work. The maps of 
Dubourdieu certainly are very trustworthy. The 
sheets Ouenza and Bou Khadra of the 1: 50.000 
geological map have also been issued. 

Formations belonging stratigraphically to the 


1 Geological Institute, Leiden University. 


sequence between the Albian and the Triassic are 
nowhere exposed, except small exposures of Bar- 
remian, but certainly exist, because several mem- 
bers of the Jurassic are known further east, but 
their thickness below our structures remains 
unknown. 


STRUCTURE 

The structures on our map (fig. 1) trend NE- 
SW parallel to the general trend of the Sahara 
chains of eastern Algeria and Tunesia. They ori- 
ginated in the Pyrenean (Eocene) folding phase, 
which affected the whole of North Africa north 
of the Sahara shield, and were again submitted 
to slight folding with a more E-W trend at the 
end of the Miocene. The difference in direction 
of these two trends can not be read from our 
map, which is completely dominated by the NE- 
SW strike. Neither can we deduce how much of 
the structure is due to post-Miocene deformation 
and how much to the Eocene phase, except by 
the evidence of the shape of the Miocene basin 
north of Ouenza, which as we will show further 
or is only for a minor factor due to a lateral 
stress field. 

The structures of the region comprise three 
diapiric anticlines, the Ouenza anticline in the 
north, the Bou Khadra anticline in the centre 
towards the west and the Dj. Jaber anticline in 
the south. Each of the anticlines has a core of 
Triassic gypsiferous marls, salt beds and red shales 
surrounded by completely abnormal contacts 
with the Lower Cretaceous. Their flanks near the 
diapiric cores are almost vertical, sometimes 
slightly overhanging like the south flank of 
Ouenza and in the core itself great slabs of partly 
or wholy metamorphosed limestones float on the 
Triassic. Some large blocks of the Lower Creta- 
ceous, completely surrounded by Triassic, have 
preserved their original position (north flank of 
Ouenza). 

Faults run out of the diapiric core, often crest 
faults but also in the flanks. The Ouenza and 
Jaber structures plunge towards tbe west, the 
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central one (Bou Khadra) plunges to the east. 
In strong contrast with these very disturbed and 
irregular diapiric structures, the beautiful half 
dome of the Djebel ? Def stands in their middle. 
This structure is not elongated, has no diapiric 
core and is remarkably undisturbed. Its very flat 
crest exposed in Aptian limestone forms quite an 


Djebel == hill or mountain 


LI Senonian-Turonian 
[tue Cenomanian 


expanse surrounded by the gently outward dip- 
ping cuestas of a Cenomanian limestone. 


The contrasting tectonics of this dome com- 
pared with those of the surrounding diapiric anti- 
clines strongly suggest that it is not due to the 
same folding stress, but finds its origin in the 
salt motion towards these anticlines. The synclinal 
tims round the anticlines, from which the salt 


‚|Floating Cretaceous blocks 


Trias diapyrs 


Fig. 1 — Structural sketch map of the area. 
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and gypsiferous marls in the anticlinal cores is 
derived, left a broad stretch of flat country be- 
tween the anticlines untouched and isolated. It 
became a dome simply through the sinking 
around it. Such a development as sketched above 
could never take place when the rim synclines 
were not fixed from the very beginning of anti- 
clinal uplift at their present position close to the 
anticlinal flanks, otherwise salt would have flown 
ftom the centre of the broad synclinal stretch to 
the rising anticlines. This supposed mechanism 
of salt flow in this case can to some extent be 
proved to be right by the development of the 
Miocene basin on the north flank of the Ouenza 
anticline, of which fig. 2 gives a sketch. The 
Miocene, resting unconformably on all older for- 
fations — in the centre of the anticline it covers 
a large tract of Triassic and in the flanks it covers 
the Cretaceous — consists of alternating thick 
sandbanks and marly or shale horizons. The sand- 
stones are typical beach sands with current bed- 
ding and often carry an abundant mollusc fauna 
strewn over the surface. Sometimes the sands be- 
come coarse and even conglomeratic near the 
southern boundary or contain thick oyster beds. 

In a section the curious shape of this Miocene 
cover is revealed. It is folded in a strongly asym- 
metric syncline with its 80° dipping south 
flank backed against the vertical Aptian lime- 
stones of the northflank of the Ouenza anticline. 
Its north flank is gentle, almost horizontal. But 
the most remarkable feature of this structure is 
the fact that the whole formation thickens very 
rapidly towards the south. In its gentle north 
flank only a single sandstone covers the Creta- 
ceous, but nearing the synclinal axis the number 
of sandstones and the total thickness increases, 
often in this way that a sandstone splits in two. 
The greatest thickness is found in the steep south 
flank. Apparently the whole formation was laid 
down in a gradually sinking narrow basin, pa- 
rallel to the steep north flank of the Ouenza 
anticline, of which the southern margin — 
against this flank — was sinking much more rap- 
idly than its northern margin. 


Apparently locally a basin was developed due 
to sinking of a narrow strip along the steep flank. 
This sinking can logically be attributed to the 
fiow of salt and gypsum towards the anticlinal 
core, hence a true rim syncline. By this feature 
it has been proven that the salt, rising in the 
core of the anticline, did not come from far but 
from the immediate surroundings of the anticline, 
a condition which we assumed for the develop- 
ment of the secundary dome of Djebel Def. 

It is true of course that some of the Dj. Def 
structure might have been present before the 
Miocene salt flow as a continuation of the Bou 
Khadra anticline. 

These features also prove that some portion 
of the diapiric structure of the Ouenza anticline 
is due to the later Miocene movement which 
re-activated the salt flow. Nevertheless we know 
that the salt extrusion is not only due to this 
second folding phase because the same kind of 
Miocene sequence has been deposited on the 
Triassic intruded in the core of the anticline. The 
development of these small Miocene basins here 
and elsewhere in surrounding structures, always 
shows their syntectonical nature by their rapidly 
changing thickness and the peculiar splitting up 
of their sandstone beds. 

In several cases one can notice how these sand- 
stones curve over a fault-trace coming from the 
Cretaceous. Apparently the dip slip along the 
fault was due to the sinking of the basin and its 
trace was covered by later sedimentation. Exactly 
the same phenomenon on a much larger scale has 
been described by Crowell (1950, 1955) from the 
Ridge basin (Hungry valley) in Southern Cali- 
fornia. 
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EI OSTE ZKÜBIIEWSICP 


Geologie sedimentaire. Les series marines, 
par Aug. Lombard. 724 p., 13 pl. H. Vail- 
lant-Carmanne, S.A., Liege 1956. Prijs geb. 
1400 fr. blg. 


Lombard begint zijn uitvoerig werk over de 
mariene sedimenten terecht met een waarschu- 
wing tegen het klakkeloos accepteren van de 
hypothese van uniformitarisme, waarbij „causes 
anciennes” aan „causes actuelles” vaak gelijk ge- 
steld worden. Een juist begin van dit waardige 
‚werk waarin toch ook uitvoerig wordt ingegaan 
op de resultaten van onderzoekingen van recente 


‚afzettingen van de laatste jaren (deel I, vooral 


de hoofdstukken. II en IM). 


Deze onderwerpen worden voorafgegaan door 
een algemeen hoofdstuk, waarin de morfologie en 
het ontstaan van de zeebodem uitvoerig en kri- 
tisch, en de fysische en chemische eigenschap- 
pen en de organismen kort en zakelijk behandeld 
worden. Steeds wordt aan de hand van een groot 


‚ aantal voorbeelden het besprokene toegelicht. 
ı Ruim gebruik wordt gemaakt van vele, ook zeer 


‚ recente, 


literatuurgegevens. Het eerste deel 
wordt besloten met een beschouwing over de 


ı waterbewegingen. Gezien het belang van de wa- 
‚ terbewegingen voor het transport, de verbrei- 
' dıng en de afzetting, is dit deel minder geslaagd. 


Men krijgt door de kortheid geen inzicht in de 


' beweging van sedimentair materiaal in het ma- 
' riene milieu. In hoofdstuk III over de recente 


mariene afzettingen en de sedimentatie wordt 
hierop dieper ingegaan. 


Dit steeds in verschillende hoofdstukken weer 
op een zelfde onderwerp terugkomen om er wat 
dieper op in te gaan is een bezwaar bij het be- 
studeren van een bepaald onderwerp. Tevens 
werd door de noodzakelijke herhalingen het toch 
al dikke werk onnodig dikker en duurder, Nu we 
toch aan het bezwaar maken zijn tegen de dikte 
en duurte van het werk, kan opgemerkt worden 
dat vooral in het eerste deel weinig figuren ge- 
geven zijn. Vooral de beschrijving van de textu- 
ren levert zelfs voor de ingewijde moeilijkheden. 
De vele voorbeelden uit de literatuur zijn daaren- 
tegen vaak zo kort gehouden, dat de waarde van 
het citeren weer verloren gaat. De hoofdstukken 
III (recente sedimentatie milieus) en IV (afzet- 
tingen in meren) zijn zeer volledig. Het eerste 
deel eindigt met een beschouwing over "causes 
actuelles’ en „causes anciennes”, waarbij gewe- 
zen wordt op het begrip tijd dat bij de „causes 
anciennes’ een hoofdrol speelt. 


Deel II vat dit motief tijd onmiddellijk op en 
werkt het verder uit. Dan vervalt de schrijver 
weer in herhalingen, maar nu speciaal op oude 
sedimentseries betrekking hebbende. Toch is dit 
deel zeer belangrijk, daar het in hoofdstuk III de 
klassifikatie van sedimentaire series behandelt en 
de hypothese van Lombard over „la serie virtu- 
elle generale” ter sprake komt. In hoofdstuk IV 
worden de methoden van monsterneming, be- 
schrijving en grafische verwerking volgens Lom- 
bard uitvoerig besproken. Deze twee hoofdstuk- 
ken zijn van principieel belang voor elke veld- 
geoloog en tevens onmisbaar voor het begrijpen 
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van de rest van Lombard's werk. Steeds weer 
wordt de hypothese naar voren gedrongen. Dit 
is een gevaar, waardoor de stof eenzijdig wordt. 
De hypothese heeft vele zwakke kanten, die hier 
echter niet behandeld kunnen worden. Het slot 
van hoofdstuk V geeft in de algemene conclusie 
nog eens een resume van dit deel. 


Deel III begint met een algemeen overzicht 
over stratigrafische en lithologische correlatie, 
In hoofdstuk II wordt het begrip „facies” behan- 
deld. Hoofdstuk III geeft aan de hand van zeer 
veel voorbeelden een overzicht van ritmische 
sedimentatieseries en hun ontstaan. 


Het vierde deel over „la genese des series’ 
behandelt uitvoerig het verband tussen tekto- 
niek en sedimentatie. Aan een relatie klimaat: 
sedimentatie schrijft Lombard slechts een geringe 
waarde toe. Dit vierde deel geeft ondanks zijn 
117 bladzijden weinig nieuws, in het algemeen 
worden amerikaanse opvattingen gevolgl. In 
talrjke korte omschrijvingen van voorkomens 
van molasse, grauwacken en flysch tracht Lom- 
bard bewijzen te geven voor zijn voorgestelde 
hypothesen, welke op de laatste bladzijden nog 
eens in 17 punten worden samengevat. Een uit- 
voerige index en bibliografie besluiten het werk. 

Beschouwen we na volledig doorlezen het ge- 
hele werk, dan staat een feit als een paal boven 
water. Het boek is geschreven met het doel 
de hypothesen van Lombard aan de hand van 
vele voorbeelden te bewijzen. Als studieboek 
voor de sedimentologie van mariene afzettingen 
is het te eenzijdig. Als handboek is het ten dele 
bruikbaar door de vele voorbeelden van afzet- 
tingsprovincies, Deze zijn echter kort en slechts 
geschikt om een overzicht te krijgen. Zonder be- 
studering van deel Il kan men echter de volgende 
delen moeilijk begrijpen. Voor het bestuderen 
van de idee&n en werkmethoden van Lombard is 
het een prachtig werk en elke sedimentoloog en 
geoloog dient het door te werken. Het is daarom 
te hopen dat er een verkorte editie zal verschij- 
nen voor gebruik door studenten. Als uiting van 
de moderne ontwikkeling van de sedimentologie 
is Lombard's werk zeer interessant. Daar momen- 
teel transport van zand naar matig diepe ma- 
riene milieus o.a. de shelf, door zeestromingen 
en golfwerking uitgesloten schijnt, zouden we 
slechts ‚„turbidity currents” als transportmoge- 
lijkheden ter beschikking hebben. Hierbij zou de 
diepte, waarop sedimentatie plaats vindt, vrij 
groot moeten zijn. Lombard tracht een met „tur- 
bidity currents” overeenkomend transportver- 
schijnsel in het leven te roepen voor ondieper 
water, dat echter dezelfde resultaten moet berei- 
ken als „turbidity currents''. Daaraan bestaat 
grote behoefte, daar anders de van ouds bekende 
„serie virtuelle’ (grof tot fijn klastisch naar 
kalk) met haar min of meer ritmische afwijkingen 
riet verklaard kan worden. 

Van deze kant bekeken is het een zeer be- 
langrijk werk, daar het een scherp licht werpt 
op wat we niet begrijpen in de geologie. ledere 
geoloog, die op de hoogte wil blijven van zijn 
vak, dient Lombard's boek, zij het skeptisch, te 
bestuderen. D. J. Doeglas 
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GEOLOGISCH EN MIJINBOUWKUNDIG NIEUWS 


PRIJSVRAAG 1957 VAN DE HOGE AUTORI- 
TEIT VAN DE E.G.K.S. VOOR DE VERBETERING 
VAN DE VEILIGHEIDSAPPARATEN IN DE 
MIJNEN — In de resolutie van de Conferentie 
met betrekking tot de veiligheid in de steenko- 
lenmijnen is de aandacht gevestigd op de nood- 
zaak van het verbeteren van bepaalde contröle- 
apparaten op het gebied van de veiligheid. 

De Hoge Autoriteit heeft dan ook besloten om 
uit hoofde van Artikel 55 van het Verdrag tot 
oprichting van de Europese Gemeenschap voor 
Kolen en Staal en in overeenstemming met de 
Bijzondere Raad van Ministers een bedrag van 
200.000 rekeneenheden ($) aan te wenden voor 
de organisatie van een prijsvraag en voor de 
toekenning van prijzen ter beloning van de beste 
resultaten van de onderzoekingen, welke gericht 
ziin op het vinden van nieuwe oplossingen of 
op het aanbrengen van belangrijke verbeteringen 
met betrekking tot de reeds bestaande veilig- 
heidsapparaten. 


De onderzoekingen dienen betrekking te heb- 
ben op de volgende apparaten: 


(1) een draagbaar apparaat voor het meten van 
mijngas 

(2) een draagbaar alarmtoestel voor het aange- 
ven van het maximum gehalte aan mijngas 


(3) een draagbaar alarmtoestel voor het aange- 
ven van het minimum gehalte aan zuurstof 


(4) een apparaat ter registratie van het kool- 
monoxyde-gehalte 


(5) een zelfreddingsapparaat ter algehele be- 
scherming tegen giftige gassen en tegen het 
gebrek aan zuurstof, dat gedurende minstens 
1 uur kan worden gebruikt. 


De resultaten van het onderzoek zullen hun 
concrete vorm vinden in prototypen van boven- 
vermelde apparaten, welke voor 1-9-1959 dienen 
te worden ingeleverd. 


Onderstaande prijzen zullen voor elk der ap- 
paraten 1, 2, 3 en 4 worden toegekend: 


le prijs: 35.000 rekeneenheden E.B.U. ($) 
2e prijs: 10.000 rekeneenheden E.B.U. ($) 


Voor apparaat no. 5 zal een enkele prijs van 
20.000 rekeneenheden E.B.U. ($) worden toege 
kend. 


Indien de toekenning van een der vastgestelde 
prijzen bij gebrek aan een bevredigende oplos- 
sing niet kan plaats vinden, kan de waarde van 
deze prijs worden toegevoegd aan de voor de 
overige apparaten toegekende prijzen. 

Een jury zal over de toekenning der prijzen, 
waartegen geen beroep mogelijk is, beslissen. 

Het octrooirecht wordt door deelneming aan 
de prijsvraag of door het winnen van een prijs 
op geen enkele wijze aangetast, de patenten blij- 
ven het eigendom van de uitvinder van het ap- 
paraat. 

Personen die voor deze prijsvraag belangstel- 
ling hebben, worden verzocht zich te wenden tot 
de Hoge Autoriteit, Afdeling Industri&le Vraag- 
stukken, rue Aldringer 29 te Luxemburg, waar 
hun uitvoerige inlichtingen inzake de voorwaar- 
den voor deelneming aan de prijsvraag zullen 
worden verstrekt. Tevens zal hun worden mede- 
gedeeld, welke de thans gebruikte apparaten zijn, 
op basis waarvan de verbeteringen, die met de 
nieuwe apparaten voor wat betreft de nauwkeu- 
righeid, de veiligheid, de hanteerbaarheid en de 
kostprijs zijn verkregen, zullen worden beoor- 
deeld. 


GAENEONTOT SE HORB EZ Rn 


PERSONALIA 


Nıieuwe leden: 


GRAAF, m.i. Ir. J. B. van der — Arnhem, Roer- 
domplaan 3 (b). 


Nieuwe adressen: 


BERG, geol. drs. A. van den — Edmonton, Alta, 
Canada, 305 Royal Trust Building, B.A. Oil 
Cy, Seismic Party 10. (g). 

BOER, Dr. J. C. den — Vancouver 9, B.C., Canada, 
nn West 2nd Ave 3. (g) (gk) (tevens muta- 
tie). 

CAMBRIDGE, R. A. — Utrecht, Schroeder van der 
Kolkstraat 19. (bg) (U.G.V.)., 

HEYBROEK, Dr. F. — Wassenaar, Laan van Koot 
29), 

KUYL, geol. drs. ©. S. — Schaesberg (L.), Sport- 
weg 3, Bungalowpark Kukert (g) (gk). 
MOSTERT, H. A. — Pijnacker, Westlaan 29, (bg) 

(M.V.D.). 3 

NIEUWENHUYS, geol drs. W. H. — Delft, Ka- 


naalweg 3, Int. Trainingscentrum voor Lucht- 
kaartering (I.T.L.). (g). (tevens mutatie). 

RAASVELDT, Dr. H. C. — General Manager v. d. 
Nicaraguan Oil and Mineral Development Cy, 
Managua, Nicaragua, Centraal . Amerika, 
Apartado 687. (g). 


SCHMID, Prof. Dr. Ir. W. L. H. — Eindhoven, 
Kochlaan 8. (m) (K). 

SPIJKER, Dr. $. B. — ’s-Gravenhage, Vondelstraat 
128. (g). 

WALTER, geol. drs. F. — ’s-Gravenhage, van Soute- 
landelaan 121. (g). 

WALTER-de BOER, Mevr. H.C. — ’s-Gravenhage, 
van Soutelandelaan 121. (bg) (L.G.V.). 

Bedankt per 1-1-1958: 

SCHUYT, Mej. J. W. van der — (bg). 

STEFFELAAR, A. W. — (bg) (L.G.V.). 

Overleden: 

KWANTES, m.i. Ir. G. A. F. — (b) (K). 

SCHOLS, m. i. Ir. H. — (b) (k). 


De tijd van regen en slecht weer staat voor 
de deur, waterdichte schoenen noodzakelijk ! 


Naaldkooi 
u. N Rank Aanbevolen: licht type bergschoen Wetter- 


In 4 afmetingenseries, vanaf 5 t/m 390 mm . . 
stein, waterproof juchtenleder, zwiegenaaide 


II | Naaldstrippen zolen met Dufour profiel, Herenmaten f48.50 


Denig heeft goede schoenen voor buitenmensen ! 


m Naaldiagers zonder binnenring 
In 6 afmetingenseries, vanaf 5 t/m 360 mm. A R L DE G Y 
: ® ® v 
| Naaldlager met binnenring UITENSPORT-UITRUSTINGEN 
| In 6 afmetingenseries, vanaf 5 t/m 360 mm. WETERINGSCHANSG 113-115 AMSTERDAMC 


— Een- en tweezijdig afgedicht naaldlager 
(met en zonder binnenring) 
Vanaf 10 t/m 40 mm 
Naaldlooprollen er] Jh [ 


IB: (met en zonder binnenring) 


ne Stahlrohre 


Gecombineerd naaldlager 


L „ NKX, NKIA 59 en NKIB 59 
nn ee 70 mm. e für Pressluft - Gas - Was- 
ser und alle anderen Ver- 
. R wendungszwecke, von 200 
| Naaldlagers met getrokken buitenring - 
(=) 


(met en zonder binnenring) mm an aufwärts bis zu den 
In 6 afmetingenseries, vanaf 4 t/m 45 mm. n 4 
Eveneens in Inchafmetingen grössten Abmessungen |lie- 
Lagernaalden fert in anerkannt erstklas- 


In mm.- en Inch afmetingen i 
sigster Ausführung: 


INA-NAALDLAGER MIJ.N.V. EISEN- UND METALLWERKE FERNDORF 
UTRECHT 


Noltheniusstraat 13 - Telefoon 31905 N f h E. B ße n l ß N 


Vraagt onze afmetingencatalogus '56 Ferndorf (Kreis Siegen) 3 Westfalen 


De staalkwaliteit 


is in hoge mate belangrijk voor het bereiken van een lange levensduur van 
wentellegers. Daarom zietS5S$[Per gedurende het gehele fabricageproces 
in haar staalfabrieken in Hofors (Zweden) nauwlettend op toe, dat het 
eindproduct, het aan de wentellegerfabriek geleverde staal, aan de hoogste 
eisen voldoet. Het erts, dat in eigen mijnen wordt gewonnen, en dat 
uitmunt door zijn uitzonderlijk laag gehalte aan verontreinigingen, wordt 
via het sponsijzerprocede tot staal verwerkt. Dit proced&, waarbij het erts 
niet in aanraking komt met de voor de reducering benodigde cokes, 
garandeert een grote zuiverheid van het eindproduct. In het laboratorium 
worden o.a. met behulp van de modernste spectograaf, voortdurend analyses 
van het staal gemaakt. 


kauliSıE ‚NV. NEDERLANDSCHE MAATSCHAPPW VAN KOGELLAGERS SISPF 


COMPLETE TRANSPORT- 
INSTALLATIES 


GASHOUDERS 
TANKS 


MIJNAPPARATUUR 


BRAAT - ROTTERDAM 


DOKLAAN 22 TELEFOON 0.1800 - 72720 


EM mn mn m a un wu en mn zn mn un m Im Manz IE Hm mr me Dame EIS, DE DE 


VOOR EEN „VLIEGENSVLUG” 
EN VEILIG TRANSPORT..... 


Vredestein rubber 
transporibanden 


Vredestein vervaardigt niet alleen 
banden voor het zwaarste transport, 
maar ook banden voor 


verplaatsbare transporteurs. 


Scooptop-Profiel 


Easy-Grip-Profiel 


Onverwoestbare transportbanden in gladde 
en geprofileerde uitvoering. Keuze uit 
7 profielen in verschillende bandbreedten. 


Er zijn ook Vredestein transportbanden 
voor speciale doeleinden, 
met deze bijzondere eigenschappen: 


e hittebestendig 
e oliebestendig 

e reukloos 

e smaakloos 

e brandbeveiligd 


Ook voor het „ruwste’” materiaal 
Vredestein rubber transportbanden. 


Scooptop-Profiel Bijzonder geschikt 
voor het opvoeren van fijn- 
korrel- en gruisvormig materiaal. 


Easy-Grip-Profiel Speciaal aanbevolen 
voor het opvoeren van 
jute zakken, kisten en dozen. 


Vredestein 


.... een naam in rubber! 


Vraag vrijblijvend uitvoerige 
bedrijfsdocumentatie aan: 


N.V. Rubberfabriek Vredestein 
Afdeling Technische Producten - Loosduinen 


CODENR. 1-572 


| 
| 
| 'DORR-OLIVER N.V. 
| 


4 HERENGRACHT A478 - AMSTERDAM - TEL. 30781 


MNNIOCOMOotIeven X lLuchtcompressors 


Naamloze W. A. HOEK’s Postbus 78 
Vennootschap  MACHINE- EN ZUURSTOFFABRIEK SCHIEDAM 


WER: 

WE 
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i ZEEFBOCHTEN d mr 


G.H.H. mijinkappen en -stempels 


.. en die last nemen ze geleidelijk op zonder pieken en plotselinge 


spanningsverminderingen. 


Door een lange levensduur en door sterk verhoogde veiligheid in de mijn 


betalen G.H.H. kappen en -stempels zichzelf op korte termijn. 


ROLLO N.V., ALEXANDERSTRAAT I0, DEN HAAG 


Bijkantoor voor Limburg: Rollo N.V., Dipl. Ing. F.J. Hundscheid, Niersprinkstraat 28, Kerkrade 
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GEWEVEN GAAS 


VAN DE GROFSTE TOT DE FIJNSTE MA 
WIJDTES UIT ALLE VERWEEFBARE META 


a 


DE NEDERLANDSCHE  emerraen; N.V. METAALDRAADWEVE 


STAALINDUSTRIE N.V. | ta ssıes 6 nen) DINXPERLO - 122 


MASCHINENFABRIK GLÜCKAUF - GELSENKIRCHEN 


Dubbelwerkende Aluminium Omdrukcylinders voor 
kettingtransporteurs 


2 \ 130 mm Dean 530 kg ande: 400 mm 
? 200 mm , "2-1300 kg Zi Send 800. m 


gewicht 130/400 19 kg - hoogte 155 mm - breedte 230 mm 
gewicht 130/800 28 kg - hoogte 155 mm - breedte 230 mm 
gewicht 200/400 32 kg - hoogte 260 mm - breedte 250 mm 
gewicht 200/800 42 kg - hoogte 260 mm - breedte 250 mm 


Uitschuifbare aluminium schoorstempels 


%* 


Vertegenwoordiging: Ss 


INGENIEURSBUREAU „LIMAHA” 
HEERLEN - CAUMERBEEKLAAN 40 
TELEFOON K 4440 - 6392 


i „Seruisarm' ö 


ele Auzenden malen 


ondergronds in bedrij} gesteld 


spaart de arbeiders, 


verhoogt de arbeidsprestatie 


Van oudsher staat de DUSTERLOH-Persluchtmotor in de mijnbouw bekend als DE motor 

voor betrouwbare economische aandrijving. Niet minder dan 40.000 stuks zijn tot op heden 

| in bedrijf gesteld. Thans is deze motor na demping van het geruis en verdere opvoering van 

vermogen in waarde gestegen. De „geruisarme” motor spaart de arbeiders en verhoogt de 

werkprestatie. De types 3-32 Pk. met een draairichting en omschakelbaar — ook met drijt- 

kast en regulateur - worden als meest economische en bedrijfszekere aandrijvingen gebruikt 

voor pantsertransporteurs, rubberbanden en krabbanden, kettingbanden, rangeerlieren, mon- 

VEN tagelieren, trek- en wikkellieren, voor schaven enz. Zie onze prospecti. Vraagt bezoek van 
onze ingenieurs. 


DUITERLOH 


GEWERKSCHAFT DÜSTERLOH- BOCHUM 


> TECHNISCH BUREAU DAHLMAN 


ROTTERDAM - MAASSTRAAT 7 POSTBUS 242 
Telefoon 11.58.00 - Telex 22279 


= LUENTFILTERS 


voor industrie - hygiene - voertuigen 


sedertmeer dan40jaren met 
succes toegepast overal ter wereld 


DELBAG-LUFTFILTER GmbH 


BERLIN-HALENSEE - FERNRUF 977676 
DUSSELDORF - HEERDT - AMT NEUSS 2105 


I: delbagfilter berlin - duesseldorf Khsanes 


bureaux in het buitenland 5 vakkundig advies 
Wien - Rotterdam - Charleroi - Luxembourg vitwerking van offertes 
Oslo - Stockholm - Kabenhavn - Helsinki 
Barcelona - Milano - Ankara - Athen - Cairo koste lo oOS 
Johannesburg - BuenosAlres-SäoPaulo Eee 
Mexiko + Montreal -Tokyo - Calcutta + Karachi 


N.V. VEREENIGDE TOUWFABRIEKEN 
Br nn HERMANN WINGERATHKG. 


ROHRLEITUNGS:- UND APPARATEBAU 
RATINGEN 
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A 


„RAYBESTOS'" remvoeringen 


Reeds meer dan 50 jaar adviseurs voor de grootste 


Amerikaanse industrieen 
Profiteert van hun ervaring en van onze grote voorraden 


Importeurs: 


HANDELSCOMPAGSNIE N.V., wAaAaıHaven 0.2. 1 - ROTTERDAM 


GEOLOGIE EN MIJNBOUW 


MAANDBLAD VAN HET KONINKLIJK NEDERLANDSCH 
GEOLOGISCH-MIINBOUWKUNDIG GENOOTSCHAP 
Verspreid over de gehele wereld Readers all over the world 


Über die ganze Welt verbreitet Distribution dans le monde entier 


Europe United States of Central-America Canada 

America 
Austria Costa Rica Mexico 
Belgium California Nicaragua 
Czecho-Slovakia Colorado Australia 
Diva Honolulu Africa 
Finland Indiana Algeria New Zealand 
a Rn N Angola 

ew Yor . 
a r Belgian Congo Asia 
Great Britain Oklahoma 2 
5 Ethiopia 

Hungary Pennsylvania Burma 
Treland Gold Coast ; 

Texas China 
Italy r i Marocco ; 

Wisconsin 7 y India 
Lithuania Niger Indonesia 
Netherlands South-America Port. East Africa 

ee nee, : Iran 
Norway Rhodesia 
Poland AtESnbE Somaliland ‘= 
Denen] Eon Tanganyika Japan 
Rumania Brazil Transvaal Ben 
Russia Chile Malacca 
Spain Columbia West-Indies Manila 
Sweden Peru New Guinea 
Switzerland Trinidad Antilles Pakistan 
Turkey Venezuela Cuba Syria 


Administratieadres 


: „Geologie en Mijnbouw” Hofwijckstraat 9, Den Haag, telefoon K 1700-111875 


ALLIS-CHALMERS 
MISNBOUWMACHINES 


LOW-HEAD 
RIPL.FLO TRILZEVEN 


enkel, dubbel en drie-deks 


x“ 


SLIKPOMPEN 


voor vloeistoffen met vaste bestand- 
delen 


Gemakkelijk in onderhoud en 
contröle 


* 
HYDROCONE BREKERS 


voor elke toepassing 


Betrouwbaar 
Lange levensduur 


Capaciteit van 7 tot 1000 ton 
materiaal per uur 


Afmetingen van het product van 1/8" 
tot. 2,5° 


x 
TEXROPE AANDRIJVINGEN 


met V-riemen 
SNAARSCHIJVEN 


met Magic-grip-naven 


J. W. BROUWERSPLEIN 20 - AMSTERDAM-Z - POSTBUS 5014 
HELELOON 793222 


DRILL BITS 


The wide range of Craelius Bits gives the 
possibility of selecting the most suitable type 
and quality for any particular drilling problem. 


SVENSKA DIAMANTBERGBORRNINGS AB 


DRUKKER & Zn. N.V. 


Ringdiik 2 - AMSTERDAM .- Phone 50369 - 53068 


.DIAMONDS 
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ALLE CORRESPONDENTIE BETREFFENDE ADVERTENTIES, ABONNEMENTEN E.D. 
AAN: „GEOLOGIE EN MUNBOUW” HOFWIJSCKSTR. 9, DEN HAAG, TEL. 111875 
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